The recently reinstated genus Cynorhiza Eckl. and Zeyh. is revised. It includes three summer-deciduous species two of which were hitherto placed in the genus Peucedanum L., namely C. typica Eckl. and Zeyh., C. meifolia (Eckl. and Zeyh.) A.R.Magee and a new species, C. bolusii A. R.Magee and B.-E.van Wyk. The species are easily distinguished by a combination of both leaf and fruit morphological characters. Possible phylogenetic relationships within the genus were explored using a cladistic analysis of anatomical and morphological characters, the results of which suggests that C. bolusii and C. meifolia are sister taxa. A formal taxonomic treatment is presented, including a key to the species, correct nomenclature, typifications, descriptions and geographical distributions.
Introduction
Cynorhiza Eckl. and Zeyh. is a genus of perennial herbs endemic to South Africa. The name is derived from the Afrikaans vernacular name, hondewortel ("dog-root"), for Cynorhiza typica Eckl. and Zeyh. This species was also recorded by Smith (1966) under the common names bierwortel and gatagaai. The former name is derived from the use of the root of this species (Van Wyk and Gericke, 2000) , in the Western Cape Province, to brew a highly intoxicating traditional mead (karri or honey beer). Ecklon and Zeyher (1837) included four species in Cynorhiza, two of which lacked formal descriptions. The genus was later considered congeneric with Peucedanum L. by Sonder (1862) . Despite a later reinstatement of the genus by KosoPoljansky (1917) , based largely on fruit anatomical characters, all subsequent authors have followed Sonder's treatment (Burtt, 1991) . A recent molecular phylogenetic analysis by Winter et al. (2008) demonstrated that the African species traditionally included in Peucedanum were only distantly related to their Eurasian counterparts, forming a clade together with other African endemic genera within the tribe Tordylieae. A new generic classification of Cynorhiza was proposed including Cynorhiza meifolia (Eckl. and Zeyh.) Magee and a new species (described herein as Cynorhiza bolusii Magee and B.-E.van Wyk) .
A taxonomic revision of the genus, including a key to the 3 species, correct nomenclature, typifications, descriptions, illustrations and distribution maps, is presented. Possible phylogenetic relationships within the genus are also explored using a cladistic analysis of morphological and anatomical characters.
Materials and methods
All materials of Cynorhiza from BM, BOL, JRAU, K, NBG (including SAM and STE), PRE and S (herbarium acronyms as in Holmgren et al., 1990) were examined. Selected specimens on loan from GRA and digital images from HAL and P were also examined. Using this material, together with geographical information from Leistner and Morris (1976) , the recorded distribution of all the species was carefully verified and mapped.
FAA and herbarium material were used to study fruit anatomy. The herbarium material was first rehydrated and then placed in FAA for a minimum of 24 h. The material was subsequently treated according to a modification of the method of Feder and O'Brien (1968) for embedding in glycol methacrylate (GMA). This modification involves a final infiltration in GMA of five days. Staining was done according to the periodic acid Schiff/toluidine blue (PAS/TB) staining method (Feder and O'Brien, 1968 Characters and character states used for the cladistic analysis are given in Table 1 . Character states were polarised using the method of outgroup comparison. Where both states were found to co-occur in a single taxon it was coded for the plesiomorphic state. Autapomorphies were omitted from the analysis. Phylogenetic analyses were conducted using the parsimony algorithm of the software package PAUP version 4.0b1 (Swofford, 1998) . Characters were treated as ordered and equally weighted (Wagner parsimony; Farris, 1970) . Tree searches were performed using a heuristic search with 1000 random sequence additions, tree bisection-reconnection (TBR) branch swapping and the MULPARS option in effect. The species are arranged in the taxonomic treatment according to the results of this analysis.
Results and discussion

Morphology and anatomy
The species of Cynorhiza are all non-woody perennial herbs. They are summer-deciduous with their leaves withering soon after flowering. This character is an important generic synapomorphy but evolved convergently in Annesorhiza Cham. and Schlechtd. (Tilney and Van Wyk, 2001) .
The leaves are arranged in a basal rosette in all three species. In C. typica they are adapted to climb or scramble up into the dense surrounding vegetation and continue to grow throughout the growing season, so that they may become up to 1.5 m long. The wide range of variation in leaf morphology between the species proved useful in their identification. The pinnae and pinnules are regularly divided in C. bolusii and C. typica, or brush-shaped with distinctly short, congested pinnules in C. meifolia. The petiole and rachis are glabrous on both surfaces in C. bolusii and C. typica, but pilose on the abaxial surface in C. meifolia. Petioles are flattened in C. meifolia and C. typica but terete in C. bolusii. The lobes of the ultimate leaflet segments are diagnostically sub-terete in C. bolusii (Fig. 1b) , while flat in C. meifolia (Fig. 1c) and C. typica (Fig. 1a) . The latter species has somewhat larger ultimate leaflet segments but shows extreme variation in both size and shape (Fig. 1a) .
In Cynorhiza the inflorescence is always several times longer than the diameter of the terminal primary umbel, and bears 0 to 4 (6) smaller lateral umbels. The primary umbel is largely composed of hermaphroditic flowers and the lateral umbels largely of functionally male flowers. The primary umbel may be almost orbicular or flat-topped. The number of rays in the primary umbel can be used to distinguish C. typica, which has more than 14 (often up to 78) rays, from C. bolusii and C. meifolia that have less than 12 rays. Within C. typica the number of rays and the size of the primary umbels are extremely variable. Populations in the Western and Northern Cape generally have larger, more radiate primary umbels than those of the Eastern Cape. The flowers are pentamerous, with the sepals either minute (less than 0.2 mm long in C. typica) or small but distinct (greater than 0.4 mm long in C. bolusii and C. meifolia). The petals are elliptic to obovate with incurved tips; the gynoecium is bicarpellate and the stylopodium narrowly conical (rarely broadly conical in C. typica).
The fruit of Cynorhiza ( Fig. 2 ) are dorsally compressed, with the marginal ribs expanded into very broad, thin wings and the commissure extending over the full width of the mericarp (i.e. to the very edge of both marginal ribs). The fruit are relatively large, usually more than 10 mm long, with somewhat smaller fruit (8-19 mm long) usually found in the Eastern Cape populations of C. typica (Figs. 2c1-c5 ). Within C. typica the fruit vary considerably in size and shape; elliptic, rotund, obovate or broadly obovate fruit occur with obtuse, truncate or notched poles. The fruit of C. bolusii ( Fig. 2a ) and C. meifolia ( Fig. 2b ) are obovate to broadly obovate in dorsal view and easily distinguished from those of C. typica (Fig. 2c) by their apically lobed wings with rounded, incurved auricles extending well above and over the stylopodium. Similar fruit are found in the genus Lefebvrea A.Rich. However, the latter genus consists of monocarpic herbs bearing fruit with the fertile part usually much shorter than the length of the fruit (Townsend, 1989; Winter et al., 2008) .
In transverse section the fruit are clearly homomorphic (Fig. 3) . The median and lateral ribs are obsolete to somewhat prominent and obtuse in C. typica (Fig. 3b) , or prominent and triangular in C. bolusii (Fig. 3c ) and C. meifolia (Fig. 3a) . The epidermal surface is smooth in C. typica, but minutely papillate in C. bolusii and C. meifolia. Hypodermal collenchyma is present only in C. meifolia. The mesocarp is slightly lignified in the ribs and wings of the mature fruit; lignified cells of the wings are elongated as in many other African peucedanoid species (Ostroumova and Pimenov, 1997a,b) . Rib oil ducts are present both external to the vascular bundles as well as in the distal portion of the marginal wings. In all three species there are two narrow commissural vittae and four solitary vallecular vittae in each mericarp.
Cladistic analysis of morphological characters
For the analysis of infrageneric relationships within Cynorhiza, seven characters could be logically polarised (Table 1) using the South African species Afroligusticum magalismontanum (Sond.) P.J.D.Winter as the outgroup. Since the majority of these characters are unique, almost any peucedanoid outgroup would have given a similar result. A single tree (Fig. 4) was obtained with a length of 8 steps, a CI value of 1.0 and a RI of 1.0. In the absence of suitable material of two of the species for molecular analyses, this result is presented here as a first hypothesis of relationships within the genus.
Cynorhiza was supported as monophyletic by three synapomorphies, namely summer-deciduous leaves, leaves which are absent (or dead) at the time of fruiting, and the narrowly conical stylopodium. C. bolusii and C. meifolia were supported as sister taxa by the presence of small but distinct sepals more than 0.4 mm long, auriculate apical wing lobes in the fruit, prominent fruit ribs and their minutely papillate epidermal fruit surfaces. Perennial herbs. Leaves rosulate, often creeping or scrambling, deciduous during or soon after flowering, 3-or 4-pinnate; pinnae and pinnules regularly divided or pinnae brush-shaped with pinnules short, congested; rachis glabrous or pilose on abaxial surface. Petioles dorsally flattened or terete, glabrous or pilose, base weakly sheathing. Ultimate leaflet segments ovate to very broadly ovate or obovate, pinnatisect to bi-or tri-sect, glabrous, bases attenuate; lobes linear to oblong, flat or subterete, apices acute, mucronulate. Inflorescence long (several times longer than the diameter of the primary umbel); peduncle striate; umbels compound; primary umbel terminal, orbicular or flat-topped; lateral umbels smaller, 0 to 4 (6); involucre bracts lanceolate to narrowly ovate, numerous, glabrous, apices acute to acuminate; rays 30-360 mm long, unequal, outer rays longer, glabrous; involucel bracteoles usually shorter than the raylets, lanceolate to narrowly ovate, numerous, glabrous, apices acuminate; raylets glabrous; umbellule many-flowered. Flowers pentamerous, hermaphroditic; sepals deltoid, minute or small but distinct, glabrous, apices obtuse to acute or acuminate; petals yellow?, elliptic to obovate, glabrous, tips acuminate, inflexed, secretory ducts branched; stamens with tips inflexed; stylopodium narrowly or rarely broadly conical; styles short or long. Fruit dorsally compressed, elliptic to rotund or obovate to broadly obovate in dorsal view, 8.0-20.5 mm × 6.5-13.0 mm; bases obtuse, truncate to deeply notched; apices truncate to deeply notched and auriculate (the wings often extending well above and over the stylopodium); mericarps homomorphic; median and lateral ribs obsolete to prominent; marginal ribs very broadly-winged, thin; commissural vittae 2, narrow [in total 6-25% of fruit width (excluding the marginal wings)]; vallecular vittae 4, narrow; commissure very broad, 100% of mericarp width; carpophore bipartite.
Taxonomic treatment
Diagnostic characters
The three species are non-woody perennial herbs (the species of the other Cape peucedanoid genera, Nanobubon and Notobubon, are woody shrubs or suffrutices) with summerdeciduous leaves that are senescent at the time of flowering and usually completely absent in the fruiting stage. Cynorhiza is thus easily distinguished from all other African peucedanoid genera and species, all of which have actively growing leaves at the time of fruiting . Cynorhiza also has very large fruit (8.0-20.5 mm × 6.5-13.0 mm) with broad, thin marginal wings that often extend above the level of the stylopodium, resulting in the fruit being notched in outline (as is also found in Lefebvrea species).
Distribution and habitat
Cynorhiza is restricted to the Western, Northern and Eastern Cape Provinces of South Africa (Fig. 5) . Plants grow in sand dunes along the coast or more inland in sand or clay.
Phenology
The plants are summer-deciduous and form new leaves annually from May. Flowering commences from late September through to November, at which time the leaves have begun to senesce. Mature fruit are borne on leafless plants from December to March. In the Eastern Cape Province, C. typica may sometimes flower earlier in response to sporadic summer rains. Leaves often creeping or scrambling, 160-1570 mm × 100-350 mm; pinnae and pinnules regularly divided; rachis glabrous. Petioles 55-810 mm long, dorsally flattened, glabrous. Ultimate leaflet segments ovate to very broadly ovate, 7-50 mm × 8-40 mm, pinnatisect to 3-sect; lobes linear to oblong, flat. Inflorescence 160-1500 mm long; primary umbel almost orbicular; lateral umbels smaller, 0 to 4 (6); involucre bracts lanceolate to narrowly ovate, apices acuminate; rays 14 to 78, 30-360 mm long; involucel bracteoles lanceolate to narrowly ovate, apices acuminate. Flowers pentamerous; sepals minute, 0.1-0.22 mm long, apices obtuse to acuminate; petals yellow; stylopodium narrowly or rarely broadly conical; styles short. Fruit elliptic to rotund or obovate to broadly obovate in dorsal view, 8.0-19.0 mm × 6.5-16.5 mm; bases obtuse, truncate to deeply notched; apices truncate to deeply notched; median and lateral ribs of mericarps obsolete.
Diagnostic characters
C. typica differs from C. bolusii and C. meifolia most conspicuously in that the fruit apex, even if deeply notched, is never auriculate (Fig. 2c) . It differs further from C. meifolia in that all parts of the leaf are glabrous and the pinnae are not brush-shaped (pinnules not short and congested as in C. meifolia). It differs from C. bolusii also in the flattened petioles and the flat, laminate lobes of the ultimate leaflet segments (Fig. 1a) . 4.7. Regional variation P. sulcatum is no longer recognized as distinct from P. typicum because of the lack of discontinuity in its characters. The overlap between the two species, here considered as allopatric population groups, is shown in the following two descriptions. 
The western population group differs from the eastern population group in the longer leaves, the longer and more branched peduncle bearing larger, more multiradiate umbels and the usually larger fruit (Fig. 2c6-c10) . However, all of these characters overlap, so that P. sulcatum is reduced into synonymy under C. typica.
Distribution and habitat
The two population groups have a notably disjunct distribution (Fig. 5) . The eastern population group usually occurs in dense succulent thicket or dense coastal scrub. The western population group is more widespread, and occurs in a variety of vegetation types, including dense Strandveld along the coast or more inland in succulent Karoo vegetation (either sand or clay loam).
acuminate; rays 9 to 10, 35-90 mm long; involucel bracteoles lanceolate, apices acuminate. Flowers pentamerous; sepals small but distinct, ± 0.4 mm long, apices acute; petals unknown; stylopodium narrowly conical; styles long. Fruit obovate to broadly obovate in dorsal view, 17.0-20.5 mm × 10.5-13.0 mm; bases truncate to slightly notched; apices deeply notched and auriculate, wings extending well above the stylopodium; median and lateral ribs of mericarps prominent.
Diagnostic characters
The new species is similar to C. meifolia and C. typica in the deciduous leaves and the deeply notched to auriculate fruit apex (Fig. 2) but differs in the terete petiole and sub-terete ultimate leaflet segments (Fig. 1b) (petiole dorsally flattened and ultimate leaflet segments flat in C. meifolia and C. typica). The petiole and rachis are glabrous (as in C. typica), not pilose as in C. meifolia.
Distribution and habitat
This poorly known species has been collected at only two localities around Ceres in the Western Cape Province where it was found in very deep sand (Fig. 5) . In 2006 we conducted a thorough search of the Bokkerivier Farms locality but did not relocate the species.
